he prevalence of obesity and overweight has increased dramatically in both economically developed countries and developing countries. 1 It is estimated that more than 1 billion adults worldwide are overweight (ie, body mass index (BMI) of 25.0-29.9 kg/m 2 ) and more than 300 million adults worldwide are obese (BMI ≥30.0 kg/m 2 ). 2 Body composition and body fat distribution are 2 important determinants for the risk of cardiovascular disease. Observational epidemiological studies have documented that obesity is associated with cardiovascular risk factors such as diabetes mellitus, hypertension and dyslipidemia. [3] [4] [5] The current definitions of overweight/obesity and central adiposity recommended by the World Health Organization (WHO) are based on data from Western populations. 2 However, some recent data suggest that these definitions may not be appropriate for the Chinese population, which have a higher percentage of body fat than Whites at any given BMI. 6 In China, the prevalence of overweight is much lower than the Western population; 7 however, obesity comorbidities in the Chinese population have rates much closer to those of Western populations. For example, the prevalence of diabetes has increased to 5.2% in Chinese adults, which is comparable to the rate of 7.8% in Americans. 8 In addition, Chinese adults have a stronger association between BMI and obesity-related disease conditions compared with the US population; 9 a moderate increase in BMI makes a Chinese adult more prone to hypertension, dylispidemia and hyperuricemia. 10 In response to these findings, overweight in the Chinese population is suggested to be defined as a BMI ≥24 kg/m 2 , and waist circumference cut-off values are suggested to be 80 cm for both men and women. 6 However, these recommendations are provisional and require further validation with more epidemiologic study. 11 In the current analysis, our aim was to identify the cut-off values for BMI and waist circumference that are associated with increased risk of cardiovascular disease in a Chinese population in Shanghai, China.
bidities (eg, hypertension) are established for adults >18 years. The final analysis included 13,817 subjects.
The Institutional Review Board at Shanghai Municipal Center of Disease Control and Prevention approved the study. Informed consent was obtained from each participant before data collection.
Anthropometric Measurements
Data on demographic, socioeconomic, medical history, and other health-related variables were collected with a standard questionnaire validated in Chinese. Trained technicians performed the interview in community clinics in the participants' residential areas.
Anthropometric measures were taken according to a standard protocol. Body weight and height were recorded while the subject was in light clothing and without shoes. Waist circumference was measured with a standard tape measure on bare skin, 1 cm above the naval. The BMI was calculated as weight (kg) divided by height (m 2 ).
Laboratory Methods and Blood Pressure Measurement
After the participants had fasted overnight, blood samples were drawn to measure serum total cholesterol, highdensity lipoprotein (HDL)-cholesterol, triacylglycerols, and glucose. Blood specimens were obtained at least 1 h after the participant's arrival at the field center, and were processed and stored at -70°C. Total cholesterol, HDL-cholesterol, and triacylglycerols were measured enzymatically using commercial reagents. Low-density lipoprotein (LDL)-cholesterol concentrations were calculated using the Friedewald equation for those participants who had a triacylglycerol concentration of <400 mg/dl: LDL-cholesterol = Total cholesterol -HDL-cholesterol -triacylglycerols/5. Dyslipidemia was defined as having either total cholesterol ≥200 mg/dl, LDL-cholesterol ≥130 mg/dl, or HDL-cholesterol <35 mg/dl. 6 Diabetes was defined as having fasting plasma glucose ≥126 mg/dl, use of insulin or oral hypoglycemic agents, or a self-reported history of diabetes.
Three blood pressure measurements were obtained by trained nurses and physicians according to a standard protocol; the measurements were made with the participant in a sitting position after 5 min of rest. The participants were advised to refrain from coffee, tea, or alcohol intake; cigarette smoking; and vigorous exercise for 30 min before their examination. Hypertension was defined as self-reported use of antihypertensive medication within the past 2 weeks, or an average systolic blood pressure ≥140 mmHg, an average diastolic blood pressure ≥90 mmHg, or both.
Statistical Analysis
By creating dichotomous variables for each BMI and waist circumference value, we calculated the sensitivity and specificity of each BMI and waist circumference level for the detection of hypertension, dyslipidemia, diabetes, and 2 or more of these risk factors. The distance on the receiver operating characteristic (ROC) curve of each BMI and waist circumference value was calculated as √[(1sensitivity) 2 + (1-specificity) 2 ] . The BMI or waist circumference values with the shortest distance on the ROC curve were considered in the determination of appropriate cut-off values.
All data analyses were conducted by using SAS (ver. 9.12; Cary, NC, USA).
Results

BMI
For men and women, mean blood pressure (systolic and diastolic), total cholesterol, LDL-cholesterol, triacylglycerol, and glucose values were higher, but mean HDL-cholesterol values were lower, with higher BMI, in a linear fashion ( Table 1 ). The proportion of individuals having hypertension, dyslipidemia, diabetes, or a combination of the 3, by BMI category for both men and women, is shown in Fig 1. The frequency of having at least 1 risk factor doubled from a BMI of <21 kg/m 2 to a BMI of ≥29 kg/m 2 , largely because of those participants with ≥2 risk factors.
The population percentile of each BMI level and the sensitivity, specificity, and distance on the ROC curve for the detection of hypertension, dyslipidemia, diabetes, and 2 of these risk factors are presented in Table 2 for men and women separately. The specificity, sensitivity, and distances on the ROC curves were generally similar for cardiovascular disease risk factors among both men and women. For men, the BMI point at which sensitivity equaled specificity was between 24 and 25 kg/m 2 for all risk factors; and the shortest distances on the ROC curve was at a BMI of 24 kg/m 2 for hypertension, dyslipidemia and diabetes diabetes, and a BMI of 25 kg/m 2 for ≥2 risk factors. For women, 
Waist Circumference
For men and women, mean systolic blood pressure, diastolic blood pressure, total cholesterol, LDL-cholesterol, and triacylglycerol values were higher, but HDL-cholesterol values were lower, with higher waist circumference, in a linear fashion ( Table 3 ). The proportion of individuals Abbreviations see in Table 1 . having hypertension, dyslipidemia, diabetes, or a combination of the 3, by waist circumference categories for both men and women, is shown in Fig 2. The frequency of having at least 1 risk factor doubled from a waist circumference of <75 cm to a waist circumference of ≥95 cm, largely because of those participants with ≥2 risk factors. The population percentile of each waist circumference level, as well as the sensitivity, specificity, and distance on the ROC curve for the detection of hypertension, dyslipidemia, diabetes, and 2 of these risk factors, are presented in Table 4 for men and women separately. The specificity, sensitivity, and distances on the ROC curves were generally similar for cardiovascular disease risk factors among both men and women. For men, the waist circumference point at which sensitivity equaled specificity was between 80 and 85 cm for hypertension and dyslipidemia, and between 85 and 90 cm for diabetes and ≥2 risk factors; and the shortest distances on the ROC curve was at a waist circumference of 85 cm for all risk factors. For women, the waist circumference point at which sensitivity equaled specificity was between 75 and 80 cm for hypertension, dyslipidemia and ≥2 risk factors, and between 80 and 85 cm for diabetes; and the shortest distances on the ROC curve was at a waist circumference of 75 cm for dyslipidemia, and 80 cm for hypertension, diabetes and ≥2 risk factors.
Discussion
Data from the present study show a continuous increase in cardiovascular disease risk factor levels and prevalence of hypertension, diabetes, and dyslipidemia with higher BMI and waist circumference values among this particular Chinese population in Shanghai. These findings agree with other studies of Chinese and other Asian populations, documenting linear relations of BMI or waist circumference with cardiovascular disease risk factors. 5, 6, 10, [13] [14] [15] [16] Moreover, based on the sensitivity, specificity and ROC calculations, our data suggest a BMI of 24 kg/m 2 for both men and women, and a waist circumference of 85 cm for men and 80 cm for women as appropriate cut-off values for the designation of overweight and central adiposity in this population.
Compared with Western populations, we found that lower cut-off values for BMI and waist circumference indicate a high risk for cardiovascular disease. Previous studies show that Asian populations have a higher percentage of body fat than do Western populations for a given BMI or waist circumference. [17] [18] [19] [20] For example, in Shanghai Chinese migrating to the US, Wang and colleagues reported a lower BMI but a higher percentage of body fat than White people of the same age and gender. 20 Also, Deurenberg et al reported that Chinese have 1.9 BMI units lower than Caucasians at the same percentage of body fat. 17 At the same level of total fatness, the Asian population is associated with higher visceral adiposity than Caucasians. 21 The slender body build with less muscle and relatively short leg length in some Asian populations might be possible reasons for explaining these differences. 22 In addition, a combination of malnutrition during childhood with overnutrition during adulthood, which is typical of developing countries that are in nutritional transition, may significantly increase the risk for obesity and cardiovascular diseases in adult life. 23, 24 All these differences might partially account for the greater prevalence of obesity-related risk factors at low BMI values and a stronger association between BMI and cardiovascular disease in some Asian populations. These studies strongly support the need for Chinese-specific cut-off values for BMI and waist circumference.
The selection of cut-off points for continuous variables usually involves compromise between sensitivity and specificity. The cut-off values recommended here in this study's Chinese population in Shanghai were identified as the values of BMI and waist circumference that balanced sensitivity and specificity. However, given the continuous increase in the prevalence of cardiovascular disease risk factors with increasing BMI and waist circumference shown by the present data, we have to acknowledge that all cut-off values are arbitrary; no threshold for BMI or waist circumference can be determined whereby values below the threshold confer no increased risk of cardiovascular disease and values above confer a uniform increased risk. 
Study Limitations
The present study has various strengths and limitations. This was a representative sample of the average Shanghai residential population. Thus, these results can be generalized to the entire adult population of Shanghai aged >18 years. Additionally, we provided data for a wide range of BMI and waist circumference values, stratified by gender, to enable local public health officials to use these data for the development of BMI and waist circumference definitions based on decision rules that may differ from those we applied. These data are cross-sectional, however. Future prospective studies in a representative sample of the adult Chinese population are needed. Because BMI and waist circumference are supposed surrogates for body fatness and fat distribution, the present study did not have direct measures of body fatness or fat distribution. Also, other obesity comorbidities, such as cancer, cholelithiasis, and mortality may have a different relationship with BMI and waist circumference. 25 Moreover, in our analysis, a definition of diabetes mellitus included a self-reported history of diabetes; this might obscure the relationship between indices of obesity and diabetes mellitus.
Conclusion
In summary, the data of the present study suggest that a BMI value of 24 kg/m 2 for both men and women, and a waist circumference value of 85 cm for men and 80 cm for women, as appropriate for use in identifying those who are at high risk for cardiovascular disease in the Chinese population in Shanghai, and who require further screening and intervention.
